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TITLE: PRODUCTION OF NIOBIUM- CONTAINING FERRITIC STEEL SHEET 
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NAME COUNTRY 
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YAMATO, KOJI 

INT-CL (IPC) : C21 D 8/02; C22 C 38/00; C22 C 38/00; C22 C 38/26; C22 C 38/38 



PURPOSE: To inexpensively produce an Nb -containing ferritic steel sheet excellent 
in workability, high temp, proof stress, and corrosion resistance by applying 
specific age treating annealing, cold rolling, and finish annealing to a hot rolled 
plate of a steel having a specific composition consisting of C, Si, Mn, P, S, Cr, 
Nb, N, and Fe . 

CONSTITUTION: A steel stock, which has a composition consisting of, by weight, ^ 
0.03% C, ^2.0% Si, ^2.0% Mn, ^0.1% P, 4-30% Cr^_ 0.1-1.0% Nb, ^0.03% N, and the 
balance Fe with inevitable impurities and further containing, if necessary, one or 
more kinds among 0.03-3.0% MO, 0.03-1.0% CO, 0.03-1.0% CO, ^6.0% Al , and 0.005-1.0% 
REM or one or more kinds among 0.03-0.2% Ti, 0.03-0.2% Zr, and 0.03-0.2% V, is hot- 
rolled. The resulting hot rolled plate is subjected to age treating annealing at 
650-900°C for l-30hr and to cold rolling at 50-85% draft. Then, the cold rolled 
sheet is finish -annealed at 800-930°C for ^lOmin. 

COPYRIGHT: (C) 1996, JPO 
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IfiWcJ C : 0.03wt%&T. Si : 2.0 wt%mT. M 
n : 2.0 wt%OT. P : 0. 1 wt%OT. S : 0.0 

3wt%OT. Cr : 4~30wt%. Nb : 0. 1 ~1.0 w 
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imm ] c : o.o3«t%jaT. si : 2.0 wt% 

Mn : 2.0 wt%UT. P : 0. 1 wt%JilT. 

S : O.OSHtKHT. Cr : 4~30wt%. 

Nb : 0.1 — 1.0 wt%, N : 0.03wt%jaT£-£lT 

fSffigLfc®. 650 -900 r<OiS&Bf8-Cl-30l$fa# 
J«-*>WMSMWfc*ffV\ *?>&50-85%<DffiT*-e 
fcHJEEBU fcHTSOO -930 XZOfflflagHTlOiMaT 10 

am- uk±tmm*fi o z t zmit-r&Nbtty 

] C : O.03wt%J2lT, Si : 2.0 wt% 

Mn : 2.0 wt%firf\ P : 0.1 wt%£lK 

S : 0.03wt%KTr\ Cr : 4— 30wt%. 

Nb : 0. 1 -1.0 wt%. N : 0.03wt%jaT£-£# 

950 -lKXrC^SJ^HTIO^lilrtCm 

-rsBiSift^M^ffv v ? ^> t65o ~90<rc£7)ias®H 20 
Ta~3oi^^^si^M!iaMiifiS:ffv\ -e^so- 

85%£7)fiFT*-C^S£ESL. &WC800 ~930 XZCO&m 
KHT'10^JaT«Sf-rStrJi*f ^Mi&ff 3 £ fc 
-$-£Nb^fn7x54 r-8H£tf)i8&tfi£. 

iwmm } c : o.o3wt%mr. si : 2.0 wt% 

Mn : 2.0 wt%OT. P : 0. 1 wt%OT. 

S : 0.03wt%OT. Cr : 4-30wt%. 

Nb : 0.1 -1.0 wt%„ N : 0.03wt%JaT£#W 

BUEEgLfcft. 650 -900 XZ<F>m$mX' 1 -30f$FS& 

»-rsiwia«Ea^v\ $^t^8oo -97o^as 
KHTio^jartR^-rs«Mfi^6^ffv\ *?)&5o- 

85%WEtT*-C#S£B£U &WC800 -930 t:<DSJ& 

[IS*«4] §1*^-3 wvftu^iJSfcfcvvc. * 
tf^JitTMjittfC : 0.03wt%OT. Si : 2.0 wt 

Mn : 2.0 wt%UlT\ P : 0. 1 wt%J*K 40 

S : 0.03wt%OT\ Cr : 4— 30wt%, 

Nb : 0.1 -1.0 wt%. N : 0.03wt%JilT£'&*. 

jJPOMo : 0.03-3.0 wt%. Co : 0.03-1.0 wt% x 

Cu : 0.03-1.0 wt% s Al : 6.0 wt%tlT. 

REM : 0.005 —0.1 wt%<9 ? ^j&^ilfcftiS 1 8* fcte 

wtOTWNb^t7x5>( vwm<omtm> 

imm5] fg*fll~30V>-ffLA»13HfcfcV^T. 
tfOfiWNfiJfctfC : 0.03wt%W~r\ Si : 2.0 wt 

%KT. 50 



Mn : 2.0 wt%WT. 
S : 0.03wt%UT. 
Nb : 0.1 —1.0 wt%. 
A*OTi : 0.03—0.2 wt% s 



P : 0.1 wt%Ja~r\ 
Cr: 4— 30wt%, 
N : 0.03wt%ja~F£-£*. 
Zr : 0.03-0.2 wt%. 



V : 0.03-0.2 v^%ff)o*>^t>WiHxh lSt£ti2S 

ttOfgtfmStfC : 0.03wt%m~r\ Si : 2.0 wt 

Mn:2.0wt%WT. P : 0.1 wt%JUT. 

S : 0.03wt%WT> Cr : 4~30wt%. 

Nb : 0.1 -1.0 wt%. N : 0.<8wt%OT£-£*. 

A*oMo : 0.03—3.0 wt%. Co : 0.03—1.0 wt%. 

Cu : 0.03—1.0 wt% % Al : 6.0 wt%fcTr\ 

REM : 0.005 -0.1 wt%£-£v^ $ £>fc:Ti : 0.03-0.2 

wt%. Zr : 0.03-0.2 wt%. 

V : 0.03-0.2 wt%<03*>a^gtfc£h.5 lS£fc{i2S 

t,wi,5NbM7i7>f hmmrtgmxm. 

[0001] 

7!^ hm&mmm£w&-hi>coz'2>&. 

[0002] 

[ewi Nb^aaraL^7x7>f MHtt. ti^ 

Z r Lt7x 5 4 r-ilfclt^T . SSiSTJ*^^ 

x»f. Nb^t7x7^ h^^yuxm\t. isase* 
ti^ffl^fcv^T. mm±. %!&<7)zt%tft>. tt±»f 

[0003] UatfcT i . Z r^M«i. * 

*ifetf>S&aSJ^<ffiVtf:#>. 9 0 OX:SScofrJ:{f^ 

1 7 7 o^«(c«. t i rnmx-8 3 ox:. 3ftx-m 

mikt&Zttf. *^fciim5^(197 9)m7-f- 
Zr^jni7x7>f h^Xry^XS8-C8 3 0X:. 
lS^T'^iLhtf^fi^ri^^itTV^. 

i^t^T i . z rgyraaii. 5fet^ytJ: 3(c isa 
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[0004] -rftfctt lt , kien basn&ittis^iSia o -900 wmtsmT i -3mmm~fh mmmm. 

wii^Lx^tm^. m&sa&B&s^t^ofsi mffr\ *<of£5o-85%oEET^-e&ig£Egu 

m*h&. Mm. mm 6 1-5101 2mmtzt$ xm -930 t:^sjg^Tio#OTmrsti±<f& 

was. 9oox:\;xT(rt£kwmx'\tmi&*B.t% #6^d^tsr!Bfffifc-rsNb^7x^ vm.m. 

^.mmim\^t<rmmi i .^m-5-27 9 805 mum. 

^JMiZit. C r #«£5. 5-4.5 wt%fc L/C. 9 5 [ 0 0 0 9 ] (2) C : 0. OMttElT* Si : 2.0 

0 , C?<£ttfimm?jr>X}i'). ffiC rttimtAst' wt%l2lTv Mn : 2.0 wt%fcTr\ P : 0.1 wt%& 

Wfef B iaSc7)ffiTtC^-L^V^f;*«i5*>S.. # T. S : O.03wt%ClT« Cr : 4-30wt%. Nb : 

&B35 9-5222 6^^ffiT1i. W&ftlfiLhOfcibN 0.1 -1.0 wt%. N : 0.03wt%£lT£if3rU S 

bSr»Lrv^*»\ mmziooox;ximLx. 10 SS^Te^it^nf^^tt^^^SSISW^fjraffig 

9 5 0TrCTT-»t t OEf&tf&S . Ltz®. 950 -1 lOOC^iajKKiaTlO^mrt ftPf-f & B 

[0005] t&aMEM£4TV\ $££650 -900Wa&leH-C 1-3 

iftmtffflttx o t-tzmmi w±a^ i ? n o^m-fhmmmm^in\>\ *<vmr--®>%<r> 

i^h-tem. Ti, zrs^fcitL-rsisSiag io«-OT«m-stt±»fMi«s-ffd^t^#(at-tsN 

#10 0TSI&t>_L#-r&. ZOizlb. NbgajD7x7 bM7x5>( 

bMzm&t Luftwmmisw. *<D*>m^x^ i o o 1 o ] e> c : o.03wt%urr\ si : 2.0 

sjraitt^+^^i^aj-rfc^t. taatsffitctjv^rti wt%jjiT. Mn = 2.0 wtxerR p : 0.1 wt%& 

aft. #®»<0{t±ffSil6iS££9 5 O-CfeUi-CfToT T, S : 0.03wt%JJlT. Cr : 4~30wt%. Nb : 

Vxfc. -f-LT, tt±<f4K#6fig**iS^<rfcli. gf n <7>g 20 0.1 -1.0 wt%. ' N : 0.03wt%WT5r^L. S 

0±#Srffl<kV^raS**J>ofe. *LT. Cl^^ Ut&. 650 -900 -C^jaggB-C 1 -3mmffi-t& 

M\£. ES3M*#&iaffgSJ^fcfc^T7x5>f r-# iSSMJUIMIfiSrffVV $*>K800 ~970*Ctf>iag8BTl 

ffl«8fc*Sfc#^c^T*o*:. 0^rt{j^S«g,|y^£f^\ *tf>&50-85%<7> 

[0006] *£-c. *iHB<o@w»i. Nbs-aaniu: ET^-T^ig^u ftwcsoo -930 -commax- 

®m®<r>ii±.tf®m&Z{&T (?»£ H 1 I iag£ffiT) [ O 0 1 1 ] (4) ±ffi(l) -(3) wrtdi* 1 ofcfc^ 

^BtcsssT^ &w£-rx3-t?.£mg?f& ztiz x. mftv&wgmitc ■. o.o3wt%urr\ si : 
hh. ttz. *mmmte. ±my*yj mboebi 30 2.0 mwt, Mn : 2.0 p = 0.1 wt 

Sff^aWgiaS^t^^T^x^^ h#fflffli&£M %WF. S : 0.03wt%OT. Cr : 4-30wt%. 

-Th^iZ. JJi&ft&ZtmLKt £ . mE®&<0 Nb : 0.1 -1.0 wt%. N : 0.03wt%m~F££*. 

tt±*«MM*fctfF (?H£&iag£ffi;T) £fa *>OMo : 0.03-3.0 wt%. Co : 0.03-1.0 wt%. C 

fcgi§T#£IBlTa-fe.X£g£-f &ZklZ3>&. u : 0.03-1.0 wt%. Al : 6.0 wt%JJl~r\ REM : 0.0 

[0007] 05-0.1 \>t%?>oi?frl>miftt&in&tzli2UW± 

ffgfc £Vfm&<v&k^w&\z^xmw£m** i o o 1 2 ] (5) ±fe<i) -(3) co^-ritA- 1 otjsv^ 

frofc„ >r<0*g*. fc<tc»(SES«t:jijEKHWfflJS ^M^^ffljfc&^C : 0.03wt%mT. Si : 

fc^T^tra^ffd^i: tioTHteaSJSjtP 1 0 40 2.0 wt%WT. Mn : 2.0 wt%mT. P : 0.1 wt 

0XM&i>i&T?&Zk. *1zmmklZ£&mLZ?t %WF. S : 0.03wt%]3lT. Cr:4-30wt%, 

»$^«.fc»^«^?^flEg*A c ff : ittSi t=5rt*<^i Nb : 0.1 -1.0 wt%. N : 0.03wt%JrF££*. 

S^^tlJt. **OTi : 0.03-<>.2 wt%, Zr : 0.03-0.2 wt%. 

[0008] *&H)Ri. ±JB<0»II.Srmfrfl:U7tT^ V : 0.03-0.2 wt%0 d 18*^428 

(1) C : 0.03wt%WT. Si : 2.0 wt%JaT. M i><r>X'hh N bM7i7^f M8«?)gg3r&. 

n : 2.0 wt%tn\ P : 0.1 wt%&T\ S : 0.0 [ 0 0 1 3 ] (6) ±12(1) -(3) WvffiiPlofcii^ 

3wt%JJlT. Cr : 4~30wt%. Nb : 0.1 -1.0 u T. SSttOjftlhfflJ^C : 0.03wt%mT. Si : 

t%. N : 0.03wt%tlTi&-tWL. «a5^FetJ i 2.0 wt%WT. Mn : 2.0 wt%«T. P : 0.1 wt 

XP^WmWto1)^%h®m*fmm,LK&. 65 50 %JTr\ S : 0.03wt%OT. Cr:4-30wt%. 
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Nb : 0. 1 -1.0 wt%. N : 0.03wt%JJlT£-&*. 

*OMo : 0.03-3.0 wt%. Co : 0.03-1.0 wt%. C 
u : 0.03-1.0 wt%. Al : 6.0 wt%fclT. REM : 0.0 
05 -0.1 wt%£&». S^tTi : 0.03—0.2 wt%. 
Zr : 0.03—0.2 wt%. V : 0.03—0.2 wt%?)d 
aBh.4l84fctt2«aJb«r^U S&tfFeiJitf 

[00 14] 

mLtz%&<om*miti£vm2\z5Ft. mm. 14.9 

wt%C r-0.48wt%Nb (m<OS13) <ONb^f7x 

1 0 h r commmim-^fcrms o%<n^sE&-^m. 

I2m m<7)#g«£tt±tf &#fi ) t«»S(5mm<« 
g«£ 9 8 Orx 3 m i n<7>&M-£ET*8 0%<7>tiffl 

mttz&siztivz. itttfimm. immmim 
i n) tmbom&z^Lfzhn'Cbh. mi&t>. 

[00 1 5] 02*4. 1 5wt%C r7i7^f 

f^X* (C : 0.008 -0.0ia*t%. Si : 0.8 -0.9 w 
t%. Mn : 0.2 -0.3 wt%. P : 0.031 -0.035 wt%. 
S : 0.002 -0.005 wt%. N : 0.005 — O.OlOwt %) £ 

*-xizNbAzmLZttm£^x*%/m urn 

5 mmcnmMt: 9 8 0*CX 1 m i n??«£JId&i$-8 0 
Otx 1 0 h r O^aaM^EET* 8 0%<rjfttSE 

9 80-1 0 0 0"CX 3ml n cO^->ET*8 0 %<r> 

mm-*ftfmzik±ifmm ti*ti?nmLiz 
*£*=*$**&. n bmaa.tti:±.ifimm<Dm£ikm. 

*4. m i otcituftimm. (^msta 1 m i 
n) tmztnmm^. ®ztfi%fcuii#>tz&&? 
%m$h mr. mt) t<ori>s. 
[00 16] 02^. mtrnx-n. nhm#mth£. 
on. j9£ft&xt>±#u o.i wt%coNbgara-e«9 

5 On. 0.6 wt%<9N bT*4 10 0 CCgJ^SISiflrtS 
*fc*&S>fc#U *ISHfli£*4. Nb^**tJ:^>nf 

[ o o 1 7 j icoj: a t. mtmtwm Lfs&m<?> 
titz. m:. n b mmmmm^som^ . 
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)8W^®T&!.i<0i:#;^ft-Ovt. L*»U HOC 

O-feX<0gBf&£j£Sj£ -£ & fclflo fc. 
[0018] *2fcHJJcD.I tf5 J: d 5r3&**4. *«»t 

fc&mcmmz* mm&nszm t LTSissftfc t, 

ere* 9. W-fym. iSgfEg^^WMIfc^ 

Nb$-i>rawfc«^$*i,c:ttj:oT. #®«tf>#a 

r>-fzZtiz£-?Xt>tzt>Ztlfzi>cr>Xh&t%Z-X^ 
[00 19]&*C. **flfcfcWC. Nb#$7x^ 

C : 0.03wt%WT 
20 C*4. Mitt. SSHt. IMtttCMW. 0.03 
wt%&T. * £ L < 140. 005 wt% fc . 
[0 0 20] Si : 2.0 wt%J3LT 

si i4. ■ffl&fcttfc*to$OTaer&9. simt 
swrxtc j: 6«M*w*fc»LT i>im%jmx'i>& . 

2.0wt X^SBiikJUttJ^flrt-SW. 2. 
0 wt%OT<9SB-eaanrf6. ffiLv^an«t4 
0.7 — 1.3 wt%T&6. 
[0 021]ffc:2.0wt%OT 

Mni4. 2.0 wt%^ei.st«ft;t. Hoitt^'ftrrs 

30 2.0 wt%JJlT. t<J40.5wt%OT. §^>t 

#£L< 140. 1 wt%OT<0KH t . 
[0022] P : 0.1 wtWF 
P14. MLttt*fcS*45BIPC*0. 0.1 wt%^j@i 

hbmz%<vmmmtts:h<r>x. o.i wt%jaT. # 

^U<140.04«t%UlTi:-rS. 
[0023] S :0.03wt%WT 
S14. mLG.££itZltZ>imX't>*). 0.03wt%$-i@/. 
Sfc^fc-tiOl^^^t^SW-C. 0.03wt%OT. ff 
iL<140.01wt%WTfc-rS. 
40 [0 0 24] Cr: 4— 30wt% 

Crl4. jBlE^ttfcJ:tm^tt^(6l±5*S^fc^ 
KTcMX-h*). 4wt%5^£7)3aniMT'{4©a (0fi.{49 

5 0^C) tt>tt5asg!4l:lt* { «lffi-c§^<^i.. -H. 

fcthtz. LIzWiX. CrCOaamS»44-30wt%. 
L<J41 0-2 0wt%tfOSHfc-TS. 
[0025] Nb:0.1 -1.0 wt% 
Nb(4. mmi). JnXtt. »&tt£|6Lh$-£&tifrffl 
^TC^Tfcl.. 0.1 wt%*SfC{4^05!)*&i-Hi-r«4^ 

so v>#. i»t%zmz.xmatht. ^-^xffioffajt 
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-1.0 wt%. »*L<ti0.3 -0.6 wt%<D®Hki-&. 

[0026] N:0.03wt%JrF 
Nil flnlflu Jg«tt. K:fettfc3r*-eS>6fctf>. 0.03 
wt%&T. #2L<li0.010 wt%OTfc-T6. 

[0 0 2 7] Mo: 0.03—3.0 wt% 
Moll v^i,B^tt«0[6j±fc:*^r7Cig-CJ)'3. # 

gicis ixmnaztiz . -eoftw. 03wt%5fess-c{i w 

. 7£fflcoWM±MI&£gtt.Zit 0.03- 
3.0 wt%0«B. m L<l±0.1 -1.3 wt%<9KBT8s 

[00 28] Co: 0.03-1.0 wt% 

coii wmtnt^mtnmxb*) . ^tist 
Taarti. ^Jra*W).03 W t%*Sfc«siill*«^< . i. 

0 wt%mtT^LT 0.03- 
1.0 wt%. »it<«0.06~0.3 wt%<o«afc-ri.. 

[00 2 9] Cu: 0.03—1.0 wt% 

mzj&ixmnztit. -e<o4*so.o3wt%5fesfcii5&* 
. j»*3$ffltthixtt *tf>. 0.03- 

1.0wt%*flffifl. #£b<l±0.1 -0.8 wt%<D®B-CSs 

[00 3 0] Al : 6.0 wt%KlT 
All! »i&ktt^fa±fc*ffl3OTS-C&>K ^fcfc 

SO-C, 6.0 wt%mT£7)KH. ff£L<lil.0~ 3.0wt 

~H Al§i8gL^vv^K:iio.01wt%iaTr*>0. * 
tz. mz A liHW4«^fcli0. 01-0.1 wt%gJK^ff 

[0031] REM : 0.005 -0.1 wt% 
REMI1 %±mm. ^5ri>t>. YtJit/^y^y-f 
F07Cfgaf£®*tl>. ZOjcMi. 0.0050wt%m±<O 

-rst. manitt^>fiTS-ffl<^ o.oo5 -o.i wt 

%, »*L<«0.005 -0.04wt%OKHT-^Jirtl>. 
[0 0 3 2] Ti : 0.03-0.2 wt% 

J>S. 8sM#. 0.03wt%*8feil^S&***^< . - 

o.2.wt%zmz.xmiLxi>. marmot 

X\ 0.03-0.2 wt%. #£L<«0.()5-0.15wt%<D®B 
Xmsth. Ti+Zr+V<^U4fcLT0.03~0. 
2 wt%cOffifflt-tSco* 1 i»-\ 
[00 33] Zr: 0.03-0.2 wt% 

SaiDft^. 0.03wt%*«T1±^^!) 

-fi. o.2.wt%zmz.xmaixi>. 

m*?h<r)X\ 0.03-0.2 wt%. #iL<li0.05-0.15 
wt%<OSHT^SD-tl.. £fcs Ti+Zr+V^Mhlkt 
TO.03-0.2 vA%<r)®mt-$rh<?>ifi^. 
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[0034] V :0.03-O.2 wt% 

o.2.wt%^iBtT»LTt. ymt 

mtfhff)X\ 0.03-0.2 wt%. #£L<»i0.05-0.15 
wt%c0KHTm(nrri.. Ti+Zr+VcO-gftSkL 
T0.03-0.2 wt%«0SBfrS<0*tJ:V^. 
[ 0 0 3 5 ] WiZ. *»PJfctiVvt. 8i£*tt£ggtt 
J&Dk H *) lz®%. LtimAiz-y^XWmth o 

io -mmmim 

. mmmmt. *mnzt5uxmz§m%mftx'b 

0311 C : 0.007 wt% x Si : 0.85wt%, Mn : 0.39 
wt%, P : 0.035 wt%. S : 0.004 wt%. Cr : 14.7wt 

Nb : 0.48wt%. N : 0.008 wt%*^^rSNb^W7x 
«iM (fi^lSllOhr) 
-ET$8 0 %W&HES^@«c7)fh±{f ^6<7)IS 
fciJ^T. BSSWMSfcOiajgk tt±lf ^fii^)S«f B 

[0036] mizv&ix&xoiz. mmm&iz\t 

20 mEKiS&tflf&tZ z\timh frX'h h . 

mmmzRW. 6 5 0"c*ss-ct>. goovzntx 

l>#ffi0y®%&>y>Z^t:ib. 6 5 0—9 o ox:<Diajg® 
iBt-rs^^AS. =5rfc. ff^Lv^iaSKHI±7 0 0 
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